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[57] ABSTRACT 

A system for use with headphones provides sound im- 
aging positioning that can accurately locate the sound 
image at any one of a number of points surrounding the 
listener and can smoothly fade the sound position from 
one point to the next as the apparent sound source 
moves relative to the listener during panning. Individ- 
ual sound positioners are provided that include only 
scalers or delay lines are provided for each channel, so 
that the same sound location filters can be utilized with 
a number of voices or input channels. 

16 Claims, 3 Drawing Sheets 
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It is another object of the present invention to pro- 
APPARATUS FOR CROSS FADING OUT OF THE vide an apparatus for reproducing audio signals over 
HEAD SOUND LOCATIONS headphones in which a general filter arrangement is 

provided that can operate with a number of sound posi- 
BACKGROUND OF THE INVENTION 5 tioners, which correspond to the different voices or 

1. Field of the Invention channels input to the headphone playback system. 
This invention relates generally to a sound image 111 accordance 311 aspect erf the present inven- 

processing for positioning audio signals being repro- tion, a mter network is provided for prc>ducmg different 
duced over headphones and, more particularly, to appa- azunuth locations or sound "nag* placements in con- 
ratus for paiming the apparent sound location so that it 10 ^ ction ^ ^ reflection filters in the form of ste- 
appears to move relative to the listener with smooth reo deky ^ ^ can be used with a number of indi- 
transitions during the panning operation vidual sound positioners each corresponding to a differ- 

2. Description of the Background ent voice or audio m P ut charmel - 

Although a number of schemes have been proposed Another as P ect of P resent invention involves 
for providing sound image positioning during playback 15 ? rovidm S a plurality of sound positioners each includ- 
over two or more loudspeakers, only recently has such mg ^ y ^ eTS> multiphers or delay lines but no filters, 
sound image positioning been proposed for headphone *? P I ^ ment fflter can be 

use. Different sound processing techniques are required 35 a arrangement relative to the 

for the headphone reproduction in view of the human OA P 1 ^^ of positioners providing mputs thereto, 
hearing mechanism. e aoove and otner objects, features, and advan- 

One approach for providing accurate sound image £ geS ° f P r esent invention will become apparent 
placement during reproduction over headphones is fr °* { f 0 ™*£ deta f ed description of illustrative 
disclosed in U.S. patent application Ser. No. 08/069,870 embodunei1 ^ to read m conjunction with the ac- 
filed Jun. i, 1993 and assigned to the assignee of this „ °° m ^^ cirawmgs in which hke reference numerals 
application. The disclosure m the above-idVntified ap- 25 rCpreSent ™ Dfi ° r SUmlar elements - 
plication is incorporated herein by reference. In the BRIEF DESCRIPTION OF THE DRAWINGS 
system of that application, front and back sound loca- ™~ i * j* ^ - 

tint filters are provided, and it is possible to pan from JJ?' ) * 3 representation of a listener 

left to right through 180' using the tont fflter and then 30 ^ v»ain» posM far 

from right to left through 180' using the rear filter. A ° mo 2 if ^w^v ;„ km a- t 

number of scalers are provided at the filter inputs and- ,J22« . * ™ block foTm ° { / 

/„, , . . « • , . . iu F uu> headphone processing system according to an embodi- 

/or outputs to a^ust range and location of the apparent m ent 0 f the present invention: 

• ^ * ^ ° f ^ COm r FIG- 3 is a^hematic digram of a positioner utilized 

h™h ^ P ° Wer ? to P rovlde a realis ; 35 in the embodiment of FIG. 2; and 

feZ^S t0 iT ! ""ZTT* FIG. 4 is a representation of a stereo delay line as 

wTlw^ ""Pj? b !f k - f **** * incorporated in the embodiment of FIG. 2. 

ters, a pair of which are required for the left and right 

ears. In addition, in the previously proposed system, DETAILED DESCRIPTION OF PREFERRED 
there is a certain granularity in the sound as the sound 4Q EMBODIMENTS 
position is stepped around the various azimuth locations The present invention relates to a panning technique 
£ST ^ ^ er ^ ^ P^* 0 *™**™* in which an apparent sound location is made to move 
can sometimes be heard and are annoying. TTius, previ- relative to a person listening to the sound signals being 
W^pnntti^^tetafa reproduced over headphofes. The present invention 
various sound ongm positions. 45 provides a system ^ ^ ^ t sound 

Therefore, a sound portioning system for use with source location to occupy generally any point on a 
headphones that can provide a smooth transition be- circle surrounding the listener and to be panned succes- 
tween locations as the apparent sound location is sively through such points. FIG. 1 represents the lis- 
panned relative to the listener is quite desirable. In addi- tener generally at 10 and the listener is assumed to be 
toon, a system with a reduced number of components 50 listening to reproduced signals over headphones and 
but can still provide capability for panning a number of assuming a standard stereo program, the listener 10 
channels or voices is highly desirable. wou ld perceive the typical sound source to be located 

OBJECTS AND SUMMARY OF THE at ^ ?* at directly in front of him. In the present 

INVENTION embodiment, the circle showing the locus of possible 

55 sound source locations is arbitrarily divided into 120 

Accordingly, it is an object of the present invention positions, with the origin or zero position at the left side 
to provide an apparatus for processing audio signals for and proceeding clockwise around the listener 10 so that 
playback over headphones in which the apparent sound the position 30 is directly in front, position 90 is directly 
location can be smoothly panned over a number of behind and position 0 or 119 and 60 are at the respective 
locations relative to the headphone listener and that 60 sides of the listener 10. The circle surrounding the lis- 
does not require a large number of circuit components tener can be divided into quadrants corresponding to 
to accomplish this result front 14, rear 16, left side 18, and right side 20. These 

It is another object of the present invention to pro- quadrants have a relation to the filters that will be used 
vide an apparatus for reproducing audio signals over in positioning the sound source generally, 
headphones in which side filters are provided in addi- 65 In following the present invention, the apparent loca- 
tion to front and back filters, so as to more accurately tion of the sound source 12 can be made to move rela- 
locate the apparent sound source relative to the head- tive to the headphone listener 10 and a feature of the 
phone listener. present invention is to provide a smooth transition or 
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fade between the respective quadrants, and such a tran- the room before the sound ultimately decays. There- 
sition zone is shown cross-hatched at 22 as representing fore, the so-called early reflection filters provide the 
a transition between the front quadrant 14 and the right- majority of information concerning the distance of the 
side quadrant 18. It should be understood, of course, sound source from the listener, 
that the circle surrounding the listener can be divided 5 A front early reflection filter is provided at 44, a back 
into any number of increments different than 120 and early reflection filter is provided at 46, and a side early 
that more sections exceeding the four quadrants could reflection filter is provided at 48. Thus, the front early 
also be provided in keeping with the present invention. reflection filter 44 receives front left and right signals 
Furthermore, the radial distance extending from the from positioner 38, back early reflection filter 46 re- 
listener 10 corresponds to so-called range, that is, the 10 ceives back left and right signals from positioner 38 and 
distance of the apparent sound location from the listener side early reflection filter 48 receives side left and right 

signals from positioner 38. It will be recalled that it is 

FIG. 2 represents an embodiment that provides the not necessary to provide left and right side signal pro- 
apparent sound source location at any one of the 120 cessing, since inversion of the signal will accomplish the 
azimuth positions of FIG. 1, each having many possible 15 left to right swap. These early reflection filters 44, 46, 
range positions. 48 may be implemented by providing two delay lines 

In the system described in the above-identified patent each one having its own input signal, thus, fonning a 
application, which is incorporated herein by reference, so-called stereo filter. The operation of such stereo filter 
front and back filters are provided each of which can is shown in FIG. 4 and will be explained herein-below. 
provide a sound placement over 180°. On the other 20 As noted above the sound from a sound source reach- 
hand, the present invention provides filters for front and ing a listener in a room can be thought of as being 
back and two sides, thereby providing greater posi- formed of three portions. The third portion is a rever- 
tional accuracy in the placement of the sound origin. beration portion that is eventually damped out as the 
Fbr example, an azimuth placement filter 32 might pro- sound dies away. That portion has some ranging infor- 
vide the front quadrant sound source location and a 25 mation contained in it so that the left and right output 
second azimuth placement filter 34 might provide the lines shown generally at 42 are respectively summed in 
rear sound source location. Although two side quad- summers 50 and 52 to form left and right summed 
rants are shown in FIG. 1, these quadrants can be ac- ranged signals. Specifically, the line 54 consists of the 
commodated by only a single azimuth placement filter left ranged signals and line 56 consists of the right 
36. Because the human hearing process can be deemed 30 ranged signals and these signals are fed to a pseudo-ran- 
to be similar with respect to the left ear and right ear, in dom sequence generator 58 that generates a pseudo 
a low-cost version of the inventive system, only a signal sequence that corresponds to the multiple early reflec- 
side placement filter is required for one side and the tions as they are reflected from the various surfaces of 
alternate side can be obtained by inversion. the room Similarly, these signals on lines 54 and 56 are 

In the system described in the above-identified patent 35 fed to a reverberation unit 62 that performs the standard 
application, there are a number of scalars and the like type of reverberation processing corresponding to the 
that are incorporated into the system and that are ar- dirninished sound impulses reaching the listener from 
ranged following the various placement filters, for ex- the walls of the room after a period of time, 
ample. On the other hand, the present invention pro- The respective left outputs from the front filter 44, 
vides a universal filter system that can accommodate a 40 back filter 46, side filter 48, pseudo random binary se- 
number of positioners corresponding to each channel or quence generator 58, and reverberation generator 62 are 
voice. For example, a first positioner 38 provides signals summed in signal summer 64 and the respective right 
to the azimuth placement filters 32, 34, and 36 on six outputs are summed in signal summer 66. The summed 
lines shown generally at 40. These six lines represent the output signals from summer 64 are fed to signal summer 
left and right signals for the front, back, and side place- 45 68 that receives at its other input an unranged side signal 
ments. Details of the positioner 38 and the manner in from positioner 38 on line 70. The output of signal sum- 
which the output signals are derived from a single input mer 68 is then fed to the side azimuth placement filter 
signal will be explained in relative to FIG. 3. Neverthe- 36. Similarly, the summed right output signal is fed to 
less, it should be noted that the six lines 40 represent signal summer 74 whose other output is the right side 
so-called unranged signals, that is, signals that relate 50 unranged signal on line 72 from positioner 38. The out- 
solely to the actual sound location regardless of the put of signal summer 74 is then fed as the right side 
distance of the apparent sound source from the listener. information to azimuth placement filter 36. 
On the other hand, positioner 38 also produces so-called Therefore, it is seen that from this universal filter 
ranged signals, as will be explained relative to FIG. 3, arrangement that the three portions of a sound signal 
on six additional signal lines shown generally at 42. 55 known to be present are and produced by a positioner 
These six lines correspond to the left and right signals 38 are properly filtered. The actual left and right output 
for the front, back, and side placements and are fed to signals are then summed respectively to produce the 
units that correspond to early reflection filters. output signals fed to the headphone. More specifically, 

As explained in the above-identified pending patent the left signals from the placement filters 32, 34, and 36 
application typical sound waves produced by any type 60 are summed in a signal summer 76 and the right signals 
of sound source in a room that reach the ear's of a lis- are respectively summed in summer 78, thereby produc- 
tener consist of three portions, a direct wave portion ing left and right output signals fed to the respective 
which would correspond to the above unranged signals, sides of the headphones. 

an early reflection portion that is made up of number of As described above, the present invention is intended 
signals that bounce off the walls, ceiling, and floor be- 65 to provide a somewhat universal filter arrangement that 
fore reaching the ears of a listener, and a third portion can have a number of channels or voices fed in for 
which is a so-called reverberation which is the multiple sound location processing. The channels or voices 
reflections of the sound as they bounce around inside might correspond to a number of voices produced by an 
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audio synthesizer, for example. Thus, a second posi- 
tioner 80 is provided whose six output signals 82 corre- 
spond to signals 40 from the first positioner 38 are to be 
connected to the azimuth placement filters 32, 34, and 
36. The actual connections are not shown in order to 5 
simplify the drawing. Similarly, six ranged output sig- 
nals are provided by positioner 80 at 84 and correspond 
to the eight ranged signals shown at 42 and are to be 
connected to the filters 44 through 48 and pseudo ran- 
dom binary sequence generator 58 and reverberation 10 
unit 62. The actual connections are not shown in order 
to simplify the drawings. Thus, the present invention 
can accommodate any number of positioners as repre- 
sented by positioner 86 again having the two sets of 
output signals shown generally at 88 and 92. 15 

FIG. 3 shows one of the positioners 38, 80, or 86 in 
more detail. Specifically, a signal is input at 100 and is 
divided to form the unranged signals, such as 40 in FIG. 
2, and the ranged signals, such as 42 in FIG. 2. As will 
be noted from FIG. 2, the so-called positioner produces 20 
six stereo output streams. A front, back, and side left 
and right representing unranged signals and a front, 
back, and side left and right representing ranged signals. 
In the embodiment of FIG. 3, the input signal at 100 is 
fed through a scaler 102 to a delay line 104 that sepa- 25 
rates the input signal into left and right channels. This is 
accomplished by selecting different taps in the delay 
line to produce the left and right signals. The left signal 
tap on line 106 is then fed to front, back, and side scalars 
and similarly the right signal on line 108 is also fed to 30 
the three respective scalars. Specifically, a left front 
scaler 110, a left back scaler 112, and a left side scaler 
114 receive the left signal on line 106 and feed the ap- 
propriately scaled signals to variable scalers 116, 118 
and 120. The outputs from the variable scalers are rep- 35 
resented by the three lines shown generally at 122. Simi- 
larly, the right unranged signal on line 108 is fed to 
scalers 124, 126 and 128 whose outputs are fed to re- 
spective adjustable scalers 130, 132, and 134. Thus, the 
three right unranged signals are provided on three lines 40 
shown generally at 136. It will be noted that the signals 
on lines 122 and 136 represent the three pairs of un- 
ranged stereo signals, shown generally at 40 in FIG. 2. 

Panning or movement of the sound image relative to 
the unranged signals can be accomplished by adjusting 45 
the variable scalers 116, 118, 120, 130, 132, and 134 
together with the left-right differential provided by the 
delay buffer taps to control the amount of input signal 
fed to the respective azimuth placement filters 32, 34, 
and 36. Thus, each channel or voice is panned indepen- 50 
dently of any other input channel. 

The ranged signal, so denoted because of its passage 
to the early reflection filters, is passed through a signal 
scalar 138 and then fed to a front left scalar 140, a front 
right scalar 142, a back left scalar 144, a back right 55 
scalar 146, a side left scalar 148, and a side right scalar 
150. The output of these six scalars are fed respectively 
to variable scalars 152, 154, 156, 158, 160, and 162. As in 
the unranged signal, panning or movement relative to 
front, back, and side is accomplished by adjusting the 60 
variable scalars 152 through 162. Thus, the outputs 
from these variable ranged scalars on lines 164, 166, and 
168 correspond to the ranged outputs shown generally 
at 42 from positioner 38 in FIG. 2. 

FIG. 4 is a functional representation of an early re- 65 
flection filter, such as shown at 44, 46, 48, of FIG. 2, and 
may be optimally structured by a delay line operating as 
a filter. Thus, in FIG. 4 left and right filters are shown 



that may be, in fact, a sixteen tap delay line in which the 
positive going spikes are in phase and the negative 
going spikes are out of phase. These in-phase, out-of- 
phase spikes occur in nature. Thus, the filter outputs are 
selected from the sixteen taps on the delay line based 
upon whether a positive or negative going spike is ap- 
propriate. 

Therefore, it is seen from FIG. 2 that panning can be 
provided by specially constructed positioners that do 
not include any complicated filter arrangements but 
consist simply of scalars and delay lines, which are 
relatively inexpensive structures, all of which may be 
fed to a universal filter arrangement to provide the 
appropriate panning by controlling the scalars in the 
positioners, with an individual positioner being pro- 
vided for each channel or voice of the system. 

The above description is based on a preferred em- 
bodiment of the present invention, however, it will be 
apparent that modifications and variations thereof could 
be effected by one with skill in the art without departing 
from the spirit or scope of the invention, which is to be 
determined by the following claims. 

What is claimed is: 

1. Apparatus for positioning an apparent location of a 
sound source to a listener using headphones comprising: 

positioner means producing from an input signal a 
plurality of ranged output signals and unranged 
output signals, said positioner means including 
variable signal scalars whose values are adjustable 
in response to a corresponding plurality of panning 
signals fed thereto for producing said plurality of 
output signals; 

first sound positioning filter means receiving said 
unranged output signals from said positioner means 
and producing left and right output signals having 
an apparent sound source location outside the head 
of the listener selected in response to said panning 
signals; 

second sound positioning filter means receiving said 
ranged output signals from said positioner means 
and producing left and right output signals having 
said apparent sound source location outside the 
head of the listener selected in response to said 
panning signals; and 

means for combining respective left and right output 
signals from said first and second sound positioning 
filter means and respectively producing left and 
right signals fed to respective left and right trans- 
ducers of the headphone. 

2. The apparatus according to claim 1, wherein said 
positioner means comprises a plurality of positioners, 
each receiving a respective, different input signal and 
each producing a respective plurality of ranged output 
signals and unranged output signals, said plurality of 
unranged output signals being fed to said first sound 
positioning filter means and said plurality of ranged 
output signals being fed to said second sound position- 
ing filter means. 

3. The apparatus according to claim 1, wherein said 
first sound positioning filter means comprises a front 
azimuth filter, a back azimuth filter, and a side azimuth 
filter for respectively locating an apparent sound source 
relative to a front location of the listener and said posi- 
tioner means includes left front, back, and side variable 
scalars and right, front, back, and side variable scalars 
producing said unranged output signals fed respectively 
to said front azimuth filter, said back azimuth filter, and 
said side azimuth filter. 
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4. The apparatus of claim 3, wherein said positioner respectively producing left and right signals fed to 
means former comprises a delay line receiving said respective ones of said transducers. 

input signal and producing at a first tap a left output 10. The apparatus according to *T«frn 9, wherein said 

signal fed to said left front, back and side variable sea- sound positioner comprises a plurality of positioners, 

lars and at a second tap a right output signal fed to said 5 each receiving a respective, different input signal and 

right front, back, and side variable scalars. each producing a respective plurality of ranged output 

5. The apparatus of claim 4, wherein said positioner signals and unranged output signals, said plurality of 
means further comprises second left front, back, and unranged output signals being fed to said first filter 
side variable scalars and second right front back, and means and said plurality of ranged output signals being 
side variable scalars each receiving said input signal and fed to said second filter means. 

producing respective ranged output signals fed to said u. The apparatus according to claim 9, wherein said 

secondi sound positionmg filter means. first filter means comprises a front azimuth filter, a back 

6. The apparatus of claim 5, wherein said second azimuth filter, and a side azimuth filter for respectively 
sound positioning filter means comprises front, back, locatin ^ apparent sound source relative to a front 
«iH ™t ? f X %?2P 'fTT^l 15 location of the listener and said sound positioner in- 
SlS2f3 ou * uta ^ fr ° m ^ eft / r ^ bac ^ d 15 eludes left front, back, and side variabirscalars and 
SiSSSif™ ^ 1 * ht back > ** I variable 8081318 Pacing 

7 The apparatus of claim 1, wherein said ranged ffjS&'iSS&Ji 3d 

omput signals from said positioner means add perceived side g,^' 0 oacK 821111,1111 m er ' ^ 5310 

distance ranging to the apparent sound source location 20 « -n,,. „ f , • 1t „. „ •„ ■,, „,„ , 

outside the head of the fcstener. .\ ™ apparatus of ? laun wberem sound 

8. Apparatus for causing an apparent location of a P°* boael ^er comprises a delay line receivmg said 
sound sWce tobe selectivdy rationed relative to a ^° f mput !f? t ^.J™*™* ? * ** ^ a left 
user of headphones reprodutingdgnals corresponding S , lgnal 581(1 J f front ! ade Yf: 

phones, and proving a selected apparent sound "£ Jf^, le "f™ ^ ^ght front, back, and 

source position outside the head of the listener in - ^ receiving said mput signal and 

response to signal levels of left and right signals fed 30 P roduci ?S respective ranged output signals fed to said 

respectively thereto; secondfflter means. 

front, back, and side early reflection sound placement * 4 " ^ apparatus of claim 13, wherein said second 

filters each for producing respective left and right ^ means comprises front, back, and side early reflec- 

output signals fed to respective transducers of the * on P** 8 receiving respectively said ranged output 

headphones and providing a selected apparent 35 f^fr™ said left front, back, and side variable sea- 

sound source position outside the head of the lis- ^ md ^ d nght front > back > 211(1 Slde variable scalars. 

tener in response to signal levels of left and right ^ apparatus of claim 9, wherein said ranged 

signals fed respectively thereto- and output signals from said sound positioner add perceived 

sound positioner means receiving input signals corre- distance ranging to the apparent sound source location 

sponding to sounds from the sound source fed to a 40 outside ^ head of listener, 

plurality of variable scalars also receiving respec- 16 * A PParatus for causing an apparent location of a 

tive adjusting signals for adjusting levels of signals source to be selectively repositioned relative to a 

output from said variable scalars, the signals output listener of transducers arranged proximate the ears of 

from said variable scalars being fed respectively to ^ listener md th2it reproduce signals corresponding to 

said front back and side sound placement azimuth 45 sounds from the sound source, comprising: 

filters and to said front, back, and side early reflec- front, back and side sound placement azimuth filters 

tion filters. each for producing respective left and right output 

9. Apparatus for positioning an apparent location of a signals fed to respective ones of the transducers 
sound source to a listener using transducers directed to and . providing a selected apparent sound source 
the ears of the listener comprising: 50 position outside of the head of the listener in re- 

a sound positioner receiving an audio input signal and sponse to signal levels of left and right signals fed 

producing a plurality of ranged output signals and respectively thereto; 

unranged output signals, said sound positioner in- front, back, and side early reflection sound placement 

eluding variable signal scalars whose values are filters each for producing respective left and right 

adjustable in response to a corresponding plurality „ output signals fed to respective ones of the trans- 

of panning signals fed thereto for producing said ducers and providing a selected apparent sound 

plurality of output signals; source position outside the head of the listener in 

first filter means receiving said unranged output sig- response to signal levels of left and right signals fed 

nals from said sound positioner and producing left respectively thereto; and 

and right output signals having an apparent sound a sound positioner receiving input signals corre- 

source location located outside the head of the 60 sponding to sounds from the sound source fed to a 

listener selected in response to said panning signals; plurality of variable scalars also receiving respeo 

second filter means receiving said ranged output sig- tive adjusting signals for adjusting levels of signals 

nals from said sound positioner and producing left output from said variable scalars, the signals output 

and right output signals having said apparent sound from said variable scalars being fed respectively to 

source location selected in response to said panning 65 said front back and side sound placement azimuth 

signals; and filters and to said front, back, and side early refiec- 

means for combining respective left and right output tion filters, 

signals from said first and second filter means and ***** 



